ABSTRACT Boot areas in commercial grain elevators and feed mills contribute to commingling of insects with grain that moves through the elevator leg. A partial budget and stochastic dominance model were developed to improve pest management decision-making and risk analysis assessment from commingling effects of insect activity in the boot area. Modified pilot-scale bucket elevator legs, containing residual wheat or corn, were infested with varying insect pest densities prior to clean grain transfers. Appropriate grain discounts were applied to grain samples obtained from clean grain transfers over either: 1) insect-free and untreated boots, 2) infested and untreated boots, or 3) infested and chemicaltreated (b-cyfluthrin) boots. The insect-free boots simulated performing clean-out of the boot area. Partial budget analysis and stochastic dominance modeling indicated that boot sanitation (cleanout) about every 30 d, avoiding costly grain discounts from insect commingling, is the preferred choice. Although chemical spray treatments of the empty boot may reduce insect populations of some boot residual grains, boot cleanout always had lower and usually zero insect pest populations in the boot residual grain, providing higher facility operational net income without the use of chemicals.
Commercial grain elevator and feed mill facilities boot and pit areas contribute to commingling of insects with grain that moves through the elevator leg. Pest management decision-making and risk analysis assessment from commingling effects of insect activity in the boot and pit areas is fundamental to improved facility operations and profitability.
There has been little research in the area of economic analysis of stored product pest management . Alexander et al. (2008) associated the cost of good sanitation practices for on-farm grain storage and partial budget analysis to prevent grain discounts from contamination, insect damage, mold damage, and prevent the loss of premiums when the grain is sold. Good sanitation practices average cost is less than $0.001 per 27.3 kg (bushel), avoiding costly grain discounts which can range from $0.10 to $0.85 per 27.3 kg. Thus, the costs of good sanitation practices are small relative to the benefit of maintaining grain quality.
Managers of commercial grain handling facilities are challenged with reduced pest control tactics (Adam and Alexander 2012) . Integrated pest management (IPM) has been proposed as a solution to the reduced pest control tools. IPM programs use multiple control tactics (biological, chemical, and cultural) to treat for insect pests but only when necessary to prevent economic losses. In contrast, conventional pest management typically only uses regular pesticide treatment applications. Adam et al. (2010) compared the economic feasibility of sampling-based IPM and calendar-based chemical approaches to control insects infesting wheat stored in country elevators. They used an economic partial budget approach to outline costs associated with each control tactic. Sampling-based IPM was an economically attractive approach if an elevator had some bins with a low insect rate of immigration and others with a medium rate of immigration. Sampling-based IPM became more economical with better sanitation practices, reducing the cost of sampling, and storing the grain a shorter amount of time. Additionally, Ingemansen et al. (1986) found that more grain residue left in empty commercial storage bins corresponded with an increased probability of a severe pest infestation. However, Herron et al. (1986) found no significant effect of removal of grain residues on pest infestation inside on-farm storage bins in Australia. They concluded that good grain sanitation practices improved the efficacy of grain pesticide protectant treatment. Similarly, Reed et al. (1990) found residual insecticide spray treatments of empty on-farm wheat storage bins reduced insect infestation but did not always show an economic benefit. The removal of residual grain from the boot pit area, timely cleanout practices of the boot, and insecticidal spray treatments in the elevator boot would be expected to reduce insect infestation occurrences, based on inferences from studies conducted in empty commercial grain storage facilities. Commercial facility cleanliness and pest control effectiveness is generally related to facilities having better sanitation programs, resulting in reduced operational costs (Williams et al. 2015) .
The elevator boot and pit area are important sources for insect pest infestation in commercial grain and elevator facilities. Knowledge of costs and risks associated with stored-product insect pests found in residual grain from the boot and pit area of commercial grain facilities is vital for facility operator managers. We developed a partial budget and an economic stochastic dominance model for pest management decision-making and risk analysis assessment for commingling effects of insect activity in an commercial elevator facility boot area. Our objective was to compare costs associated with commercial elevator and feed mill sanitation programs, identifying the most cost effective and economical pest management practices for each facility type, while reducing risk associated with insect commingling in a bucket elevator leg boot.
Materials and Methods
Residual grain (corn and wheat) in pilot-scale bucket elevator leg boots was infested with different insect population densities (50, 100, and 200 insects/kg/species) and incubated for different boot holding times (0, 8, 16 , and 24 wk), prior to transferring clean grain through the boot. Wheat samples were infested with adults of Rhyzopertha dominica (F.), the lesser grain borer; Cryptolestes ferrugineus (Stephens), rusty grain beetle; and Tribolium castaneum (Herbst), red flour beetle. Corn samples were infested with adults of Sitophilus oryzae (L.), the rice weevil; Oryzaephilus surinamensis (L.), sawtoothed grain beetle; and T. castaneum, red flour beetle. Insect-free grain was transferred over the infested boot and collected. Grading of samples was based on counting live adult insects and insect damage kernels (IDK). We assumed internal immature insect life stages developed and emerged as adults, resulting in IDK. Grading of samples followed Federal Grain Inspection Standards (FGIS 1997) . Live insects in the sample were counted immediately after sampling and the number of immature insects resulting in IDK was determined by allowing them to emerge over 8 wk and counting the newly emerged adults. Transfer grain boot treatments, insecticidal spray treated boots, and control samples with no insects were replicated three times for both wheat and corn (Tilley et al. 2014) . Transferred grain samples were graded and quality parameters recorded Johnson 2003, Seabourn 2006) . Following the grain grading process, grain discounts were applied to each respective treatment based on quality parameters including insect infestation levels found. Grain discount schedules from a local elevator were used to acquire grain discounts of all treatments for both wheat and corn. A numeric example of an applied grain discount is given below (grain discount example). Grain discounts calculated for clean grain transfers over boots with infested residual grain, insecticide-treated boots, and controls were used as input data for stochastic dominance modeling, partial budget analysis, and subsequent grain discount data were analyzed separately using one-way analysis of variance (ANOVA) and the Ryan-Einot-Gabriel-Welsch Q (REGWQ) multiple comparison test at the a ¼ 0.05 level (SAS Institute 2008) .
Insecticide Treatment. b-cyfluthrin (Tempo SC Ultra, Bayer CropScience, Research Triangle Park, NC) of 11.8% purity [120 mg (AI)/ml] was formulated in water and applied to the enclosed area of an empty boot at the high label rate of 20 mg (AI)/m 2 in 3.7 ml per m 2 . Each boot was sprayed with the insecticide prior to the initial loading of insect-free grain. Immediately following the initial loading an infested grain sample, exposed to the highest insect density (600 insects/ kg), was transferred through the spray treated boot. The exposure period and insect-free grain transfer runs, for the insecticide treated boot, followed the same time interval (boot hold time) as all other boot treatments, prior to collecting discharge samples for analysis (Tilley et al. 2014) .
Partial Budget Principles and Budget Development. Partial budget analysis is a planning and decision-making framework that uses a reduced amount of data by comparing only the costs and benefits of a business operation that change with the adjustment being analyzed (Kay et al. 2008) . A partial budget typically has four categories: additional income, reduced costs, reduced income, and additional costs. The four categories, shown on the partial budget form in Tables 1 and 2 , provide a systematic framework for the decision-making process in pest management programs of grain elevator and feed mill facilities. Pest management decisions are usually probabilistic, with most decisions made in the presence of risk. Risk exists when there are different possible outcomes in which probabilities can be assigned. In contrast, uncertainty involves making decisions when the outcomes and probabilities are not known (Hardaker 1997) .
The relevant costs included in the partial budget developed for commingling effects of insect activity in an elevator boot area were: 1) additional sanitation labor ($/h) in the boot-pit area, 2) applied grain discounts from commingling insect levels, 3) chemical spray treatment application, and 4) transportation charges from rejected shipments. The listed activities include all costs associated with commingling insect levels in an elevator leg boot and pit area. The associated additional income would be from insect-free grain sold at market value rather than being sold at a discount. We make the assumption that the grain shipment is rejected by a processor if it contains two or more live insects in a 1 kg sample. The rejected grain would then have to be returned to the originating facility, at their expense. We report a conservative estimate of costs associated with the rejected grain shipment, with only one-way transportation costs.
A partial budget example using 6.4 metric ton (MT) of wheat or one truckload of grain was constructed for both the chemical spray treatment (Table 1) and cleanout (Table 2 ) of the boot area. The volume of grain used to construct each partial budget was based on experimental data of handling effects on commingling and residual grain (Ingles et al. 2003) . Those authors found residual grain commingling values in the boot returned to within 0.5% of normal after transferring 6409.1 kg (235 bushels) of grain through the boot area, with an average flow rate of 50,509.1 kg (1,852 bu)/h; we assume the same flow rate in these tests. Additionally, labor ($12.50/h) and chemical spray ($2.18 per treated boot) charges were assigned to the same quantity of grain (6.4 MT) moving through the elevator leg. While it is likely that considerably more grain will flow through the elevator leg between boot cleanings, assigning the entire costs to one truckload of grain gives very conservative estimates of net revenue. If the partial budget indicates the treatment is cost effective based on one truckload of grain, then the effect of additional grain handled in the bucket elevator leg during the month between boot cleanings would be to increase net revenue further.
Grain discounts avoided (Table 1 and 2) were calculated from average quality factors and applied discounts from transfer runs for grain boot treatments, insecticidal spray treated boots, and control samples with no insects were replicated three times for both grain types (Tilley et al. 2014) . McNeill (2010) developed a grain hauling cost calculator for aspects of grain hauling and transportation costs of US $1.40 per metric ton for the farmer, for a distance of 8.0 km between delivery points to figure total hauling costs.
Grain quality factors and applied discounts for corn (Table 3) were calculated from corn discount schedules of moisture content (MC, Table 4), adult live weevils (Table 5) , damage (Table 6) , broken corn and foreign material (BCFM , Table 7 ), and test weight (TW ,  Table 8 ) (White and Johnson 2003) . Wheat quality factors (Table 9 ) and applied discounts (Table 10) were calculated from wheat discount schedules of moisture content (MC , Table 11 ), test weight (TW , Table 12 ), foreign material (FM , Table 13 ), shrunken and broken material (S&B , Table 14) , damage (Table 15) , number of live adult stored-product insects enumerated (Table 16) , and insect damaged kernels (IDK , Table 17 ; Seabourn 2006) .
Stochastic Dominance Analysis and Model Development. The use of stochastic dominance modeling provides a means of comparing alternative risky choices directly on the basis of their outcomes cumulative probability distributions (Dillon and Anderson 1990) . A cumulative probability distribution is a Net revenue change: $19.66 per truckload (subtotal from column 1 minus subtotal from column 2). The example is based on one truck load or 6.4 MT of wheat. Transferring one truck load of grain returns residual grain commingling values to normal (Ingles et al. 2003) .
Labor hours (0.5 h) are based on the approximate time it takes to clean a boot out. Boots loaded with insect-free grain correspond with doing sanitation and cleanout of the boot area. Net revenue change: $26.51 per MT (subtotal from column 1 minus subtotal from column 2). The example is based on one truckload or 6.4 MT of wheat. Transferring one truck load of grain returns residual grain commingling values to normal (Ingles et al. 2003) .
Labor hours (0.5 h) are based on the approximate time it takes to clean a boot out.
mathematical relationship that enumerates the probability associated with each possible outcome and which can be used to determine the probability that the outcome of a random variable will be less than or equal to any particular level. Stochastic dominance analysis does not necessarily lead to the one best choice. Rather, by comparison of their outcome distributions, stochastic dominance analysis sorts possible risky choices into two groups: those that should not be taken because they are dominated by or are inferior to a second group that is not dominated. Stochastic dominance analysis uses pair-wise comparisons to evaluate strategies and to derive the most efficient set of strategies. First degree stochastic dominance (FSD) holds for all decision makers who prefer more to less. No assumptions are made regarding risk preferences. This decision criteria holds for most decision makers. The usefulness of FSD is limited because in some applications few choices are eliminated for consideration. Second degree stochastic dominance (SSD) is more discriminating and provides a basis for eliminating distributions from the FSD set that are inefficient or dominated. The rule for Table 3 . Corn quality factors (mean 6 SE) and grain discounts after a clean grain transfer over either an insect-free and untreated boots, infested and untreated boots, or infested and chemical (10% b-cyfluthrin SC ultra, high label rate) treated boots Risk analysis using stochastic dominance modeling. Means between grain discounts, within treatment groups, with different letters are significantly different (P < 0.05, REGWQ). Abbreviations: Rep is replication, TRT is chemical spray treatment of boot (0 ¼ non-insecticidal and 1 ¼ insecticidal), MC is moisture content, TW is test weight, BCFM is broken kernels and foreign material. identifying cases of SSD depends on the additional behavioral assumption that the decision maker is averse to risk (Fishburn 1964) . SSD is useful to rank alternative choices under the assumption that risk aversion is the general behavior of individuals, a common assumption used in decision making. Stochastic dominance with respect to a function is an evaluative criterion that orders uncertain choices for decision makers whose , MC is moisture content, TW is test weight, FM is foreign material, S&B is shrunken and broken, IDK is insect damage kernels.
Total damage equals the summation of damage, foreign material and shrunken and broken. Table 10 . Applied wheat quality discounts after a clean grain transfer over either an insect-free and untreated boots, infested and untreated boots, or infested and chemical (10% cyfluthrin SC ultra, high label rate) treated boots Risk analysis using stochastic dominance modeling and means between grain discounts, within treatment groups, with different letters are significantly different (P < 0.05,REGWQ).
Abbreviations: Rep is replication, TRT is chemical-treated boot (0 ¼ untreated and 1 ¼ treated), MC is moisture content, TW is test weight, FM is foreign material, S& B is shrunken and broken, IDK is insect damage kernels. aversion to risk lies within specified lower and upper bounds, which depend on the preferences of the decision maker. The greatest strength of stochastic dominance with respect to a function is its flexibility in allowing the decision maker to specify the degree of precision with which preferences are represented by specifying how narrow or wide of a range to set with the upper and lower bounds. A PC-based program (from Goh et al. 1989 ) was used to perform quasi-first degree stochastic dominance (QFSD), quasi-second degree stochastic dominance (QSSD), and stochastic dominance with respect to a function. These three methods were used to analyze risk associated with insects harboring in the boot area. Input data were from applied grain discounts of corn (Table 3 ) and wheat (Table 10) . Grain discounts were acquired from grain quality factors, live adult insect counts, and IDK for both grain types. Applied corn quality discounts were from MC, TW, BCFM, total damaged material, and number of adult weevils per kg of grain. Corn quality factors of each grain treatment were evaluated against corn discount schedules (Tables 4-8) . Applied wheat quality discounts were from MC, TW, FM, S&B, total damaged material, IDK, and number of adult insects per kg of grain. Wheat quality factors of each grain treatment were evaluated against wheat discount schedules (Tables 11-17 ). Both corn and wheat discounts were from grain transfer treatments of non-insecticide boots with insect-infested residual grain, insecticidal spray-treated boots, and control with insect-free grain. Applied grain discounts were calculated in $/MT.
Grain Discount Example. A numeric example of the applied wheat discount for a grain treatment of an infested and non-insecticidal treated boot is as follows:
• Grain MC of 12.53 is below the initial moisture discount (Table 11 ) and no discount was applied.
• TW of 72.9 kg/hL, from Table 12 , has a discount of $1.46/MT.
• FM of 0.1 percent is below the initial FM discount (Table 13 ) and no discount was applied, • S&B of 1.4 percent is below the initial S&B discount (Table 14) and no discount was applied.
• Total damage of 3.3 percent (Table 15) , had a discount of $5.51/MT. • Insect damaged kernels (IDK) of zero is below the initial IDK discount (Table 17 ) and no discount was applied.
• Number of live adult insects per kg was 1.07, had a discount of $3.67/MT (Table 16 ).
• Note: Total damage equals the sum of damage, FM and S&B material.
The sum of all grain discounts equals $10.64/MT and was calculated for the average of the replications from one of the boots with infested residual grain (data not shown). All other grain discounts for both corn and wheat were calculated in a similar manner.
Results and Discussion
Pest management decisions are usually probabilistic, with decisions made under uncertainty. A partial budget framework and stochastic dominance model were developed for pest management decision-making and risk analysis assessment from commingling effects of insects in the boot and pit area of elevator and feed mill facilities. An example of a partial budget analysis of costs and income associated with commingling insect levels in an elevator leg boot with wheat, following a chemical spray treatment, showed a $19.73 per MT net change (Table 1) . However, the partial budget corresponding with cleanout of the boot area showed a higher net change of $26.58 per MT (Table 2 ). Both partial budget statements increased operational income by avoiding grain discounts and transportation costs.
These results are applicable anytime relatively insect-free grain is moved through the boot. Insect levels will increase and will be particularly problematic when grain moving through the boot has zero or near zero infestation levels. Additionally, these results indicate that cleanout of the boot on a regular basis (every 30 d, approximately one insect generation life cycle) will increase income of the business operation. This time between cleanings for the boot area is approximately the same as the life cycle for one insect generation and should prevent any population explosion between cleanings. Future research studies could refine this estimate of the optimal frequency of boot cleanout. Adopting these boot sanitation guidelines will improve insect pest management programs for commercial elevator and feed mill facilities.
A risk analysis assessment from commingling of insects in the boot area of elevator and feed mill facilities was conducted using a stochastic dominance model. Corn quality factors (Table 3) were used to acquire associated grain discounts after a clean grain transfer over either an insect-free, untreated boots; infested, untreated slip-boots; or infested, chemical-treated (b-cyfluthrin) boots. Applied corn quality and weevil-infested grain discounts from the insect-free treated boots were significantly different (F ¼ 4.03; df ¼ 2, 33; P 0.0273) than the other two treatment groups (infested, untreated and infested, chemicaltreated boots). The insect-free boots simulated cleanout of the boot area on a regular basis. Additionally, FSD was shown for the insect-free, untreated boots. Treatment of boots with b-cyfluthrin recorded low S. oryzae insect mortality, which was likely due to the species being less susceptible to pyrethroid insecticide cyfluthrin. These data are consistent with studies by Samson and Parker (1989) and Arthur (1994) , where both showed S. oryzae was less susceptible than R. dominica to pyrethroids compared with organophosphate protectants. Results from their studies showed that both higher application rates of cyfluthrin EC and longer exposure intervals were required to give the same control level for S. oryzae compared with R. dominica. Wheat quality factors (Table 9 ) were used to acquire associated grain discounts after a clean grain transfer over the following groups: 1) insect-free, untreated boots, 2) infested, untreated boots, or 3) infested, chemical-treated boots. Applied wheat quality grain discounts (Table 10 ) from the insect-free boots and the infested, chemical-treated boots were both significantly different (F ¼ 7.98; df ¼ 2, 33; P 0.0015) than the infested, untreated boots. The insect-free, untreated boots simulated doing a clean-out of the boot area. Stochastic dominance results suggest that both 1) insectfree, untreated boots and 2) infested, chemical-treated boots are part of the FSD set.
In conclusion, partial budget analysis and stochastic dominance modeling indicate that boot cleanout (insect-free, untreated boots) keeps the boot free of insect infestations, while avoiding costly grain discounts from insect commingling and is the preferred choice, no matter how risk-averse or risk-seeking decision makers are. Boot cleanout on a regular basis (every 30 d) will increase income of the business operation. Although chemical spray application treatments of the empty boot may reduce insect populations of some boots with infested residual grain, boot cleanout always had lower and usually zero insect pest populations in the residual grain, and higher net income.
